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LIQUID CRYSTAL DISPLAY DEVICE AND FABRICATING METHOD THEREOF 

FIELD OF THE INVENTION 
This invention relates .0 a «<,uid cystal display, and more particularly to 
= a liquid ctystal display device and a fabricating method thereof wherein 
bonding Characteristics between a seal and a lower plate are improved. 

BACKGROUND OF THE INVENTION 
Generally, a Uquid crystal display (LCD, controls the amount of hght 
^« tt-smitted rrom liquid ctysta. cells in .sponse to video signals to thereby 
« d.splay a pictu. on a iiquid c^-stal pane,. The ceils at. typicaily ar™,ged in a 
I matrix pattern, ^he Uquid ctystal pane, includes liquid ctystal cells art^ged 
,r m an active matrix type and driving integ^ted circuits ,ICs) ibr driving the 
m liquid crystal cells. 
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The driving ICs are usually manufactured in chip form and mounted on 
a tape carrier paci^e (TCP) film attached to the outer periphery of the liquid 
crystal paneL The ICs a. also connected by a tape automated bonding (TAB, 
system mounted along the outer periphety of the liquid costal panel when the 
ICS are connected by a chips-on-glass (COG) system. 

In the case of TAB system, the driving ,Cs are electrically connected to a 

pad portion is connected to electrode lines, which a. in tun, connected to each 
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from the driving ICS to each liquid crystal cell. 

Fig. 1 is a plan view showing a structure of a conventional liquid crystal 

^ and an upper plate 6 bonded to each other, the Uquid ctystal pane. 2 also 
.ncludes a picture display part 8 having liquid crystal ceUs arranged in a 
matrix pattern; gate pads 12 and data pads 14 connected between driving IC's 
(not Shown) and the picture display part 8; gate links 34 and data links 16 for 
^ connecting the gate pads 12 and the data pads 14 to the picture display part 8 
respectively; and a seal 10 provided at the outer periphery of the picur. 
J display part 8 so as to bond the lower plate 4 to the upper plate 6. 
1 Within the picture display part 8. a plur^ity of data lines 13 intersect 

„^ withtheplura,i,yofgatelinesllonthe,owerplate4. A video signal is applied 
m to e ach data line 13 Wa the data pad 14 and the data link 16 and a scannin , 
^1 Signal is applied to each gate line 11 via the gate pad 12 and the gate link 34 
- At each intersection, each liquid crystal cell is provided with a thin fito 
transistor ,TPr, and a pixel electrode connected to the thin fllm transistor The 
TFT provides a switching function to apply a data signal to drive the liquid 
crystal cell. 

Red. green, and blue color Alters are fomred on the upper plate 6. The 
color Alters are separated by a black nratrix and a co™.on tr^sparent 
electrode is formed on the surfaces of the color filters. 
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The lower p,a.e 4 and the upper pla.e 5 are spaced apart by a spacer to 
provide a constant ceU gap. The lower plate 4 is bonded to the upper plate 6 by 
the seal 10. which is positioned along outer edges of the picture display part 8. 
The cell gap area is injected with liquid costal to form the liquid ctystal layer, 
5 and thereafter is sealed. 

The gate pads 12 and the data pads 14 are located at the edge of the 
lower plate 4 not overlapped by the upper plate 6. Each gate pad 12 appUes a 
scanning signal from the gate driving IC to the gate line 1 1 via a wire within the 
^ TCP film and the gate link 34. Also, each data pad 14 appUes a video data 
m Signal fr^n, the data driving IC to the data line 13 via the data link 16. 
I m the conventional liquid cystal panel 2 as described above, a p™tective 

U fl>m is coated on the entire lower plate 4 to protect the metal elect^de lines 
and the thin fita transistors. Also the pixel electrode, which is connected via a 
j y contact hole to the T FT, is formed on the protec t ive fllm for each cell area. The 
I pixel electrode is a u^sparent electtode made fh>m indium tin oxide ,1T0), 
- which has a relatively strong durability. 

Generally, an inorganic material such as SiNx or SiOx is used as the 
pn,tective fllm. These ^pically have high dielectric constants. Because of the 
high dielectric constants, the conventional liquid cystal with inorganic 
0 protective fllms suffers from a coupling effect caused by an increase in parasitic 
capacitance between the pixel electrode and the data line 13. 

A way to minimis ,he coupling effect is to keep the two electrodes at a 
relatively fong distance, for example, of 3 to 5 ,m so that the pixel electrode 
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-se no. „ve.ap ,3 ^^^^^^^ 



ratio Of the liquid cystal cell, which depends 



5 is reduced. 



on the area of the pixel electrode, 



—i-m 
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W .0 overcome this p.h,e„, ,e. .ini.i. the couphn^ e.ect hut stiH 
~. 0... .a.e..s such as hen„utene <3C3,, spin on .ass 

-ectnc constants, the a.ea of the p.e, e.ect.de can he en,a..ed .0 i.p..e 
aperture ratios of the liquid cystal cell. 

unfortunate., a hi.h aperture .tio .CO en.plo.in, the organic 

protectee filn, suffers fro„ problems of its own. When hondin. th 
, , • vvnen bonding the upper and 

'ower plates, a seal is used. As shown in Fig. the seal 10 ma. 

s- seal 10 makes contact with 

the organic protective film (shown in Figs 3A and 3B1«..H , 

^ ^ as the plates are bonded 

Typically, epoxy resin is used as the seal Sn.h , 

^^^h seal strongly adheres to 
inorganic protective films and glass suh.fr«. k 

^ ' substrates, but weakly adheres to organic 

r aperture ratio 

2 -P'o.-n, the organic protective „lm is much mo. li.el. to develop 

Stresses such as an impact. 

In addition, the conventional LCD typicallv h«. « . • 

typically has a gate msulating layer 

disposed between the glass substrate and th. • 

Dsirate and the organic protective film. 
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eierence to the accompanying drawings. 
2 is an enia^ed pian ^.w showing a crossing portion between the 

i--.edataiine.3i„t„thedatapj:::~"°^*^^^'«~ 
J 16 The seal ,n ■ , °' *^ ""^ 

K P^tective ni„ r,. . ~ " "'^ --^ 

I '----P^ent flin, i7 is co nnected tojh^,,,, 
-lOI-mounted-oirthT TCP lilm Th. , ajmerJC- 

i -e.ec.t.deaswe„alr ^ ^^^^ ~ ^ 

TABprocess. — ~ctr„de during the 

-«23::::::::::-^--------ta.en 

crystal d,splay panel taken along the 3B-3B' line in Fi« 2 , 

the lower plate 4 inH . ^B. 

plate 4 includes a lower glass substrate 20 a ,at. ■ , • 
99 o • . ' S**'^ Ulsulat ng laver 

22, a semiconductor layers 18, the data links 16 an. 

24 A. ^ Protective film 

24. As shown, the gate insulating layer 22 fh. • 

g iayer 22, the semiconductor layers 18 and 
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the Oa. „„.3 ,e a. se,ue„«ai„ <,epo.« on g^ss subs... .0, an. .He 
organic protective fl,™ 24 covers .he entire resu..ing surface. 



(not Shown,, a .,ac. .a.ri. 28. and a^^no^^^^ 
shown, the color filtf — 




* SSTmgtkx 28 are forced on U,e upper glass 



P..0US., .e seai .0 wea.. adheres .o ..e organic pro.ec.ive 
- - . addiUon, ..e organic pro.ec.ive 2. „ea.i, adheres .o ..e ga.e 
^5 — ng n,„ 22 due .„ ..e ino^anic na.ure o. ..e gate insu,a.ng 22 . 
I -ui, .,e organ, „oa.ing n,n> 2. „a. floa. or crac. due .„ physical s.resses 
™ thus causing liquid crystal 32 to leak. 

r 4 is an enlarged plan view showing a cussing portion between the 

gate hnk and the seal in Fig i a, .,. 
>t , F.g. 1. As shown, the gate lin k 34 is formed with the 

-iij^--gate^md-^2-and^Kegate Ifa e 1 1 Th. . 

S _ g te toe 1 1. The gate pads 12 conlaCs Uae transparent 

" ^'^t-^des 17 through the contact hole 19 formed in .he , ■ 

"> the ga.e msulating film 
anC .he organic pro.ec.ive film. The seal 10 crosses .he gate link 34 

7 ^ ^'-^ ^ -on Of .he liquid c..s.al display panel .aken 

.ong .he „„e in Pi, 4, and Pi, SB shows a vesical section of the liquid 

Jtald.sp,aypa„eltakenalon,the.B.SB.lineinPi,2. In ... J,^ 
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'"^"'^""^ .in. 34 . a.po.a ^tween the gate 

A,.„ because tHe „,an. p„e fi,™ Has wea. adherence to ^th 

the seal 10 and the gate insulating W 29 i u 

. , ^ ^^^^e "^ay develop due to 

physical stresses. 



SUMMARY OF THE INVENTION 
-CO..,,. <t . an o,eet of the p.sent .vent^on to p™.ae a 
ciystal display device anH o f k • • 
J , ' ^'"^^^"^ ~ thereof wherein bonding 

m characteristics between seal «nH , 

, ' P^^^^ ^« -P-ed upon bonding of an 

m "PP^^ P^ate to the lower plate therebv nr. 

i -.a„«e.o..paet. ' '""^^^ 

I " " ~, to one aspect orthep.sent..e nt,on ..... 

g ^ . " P'^'^ "f 'he hqmd crystal display 

r ~ - - ^ orholes to innitrate the L 

-eent.eleetroael...an....,.,,.,,_^„,^^_J 

o^antc protect.-. „1. ana .eln. contacted wit. the seal thro., the holes 
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the data electrode links; and contacting the seal with th. . ■ , 

"8 me seal with the gate insulating film 

through the holes. 

Also, a lower ptoe of the a liquid cystal display device according .0 

insulating fi,™ is etched foxing sn adherence surface; a protective film forced 
over the gate insulating filn, wherein a portion of the protective mm above the 
adhe^nce surface is co«y etched .0 expose the adherence surface; and a 
seal With a contact extension portion making contact with said adherence 



i'a surface 



2 ^"'EF DESCRrPTION OF THE DRAWINGS 

I These and other objects of the invention wiU be apparent fro. the 

, l^ Uowing det^ied description of the en.bodin.ents of the present invention with 
-| '^fe'ence to the accompanying drawings, in which: 

3 Fig. 1 is a schematic pian view showing a structure of a conventional 
liquid crystal display panel; 

Rg. 2 is an en,a.^ed plan view of a crossing portion between the data 
link and the seal in Fig. i; 

along the 3A-3A' line in Fig. 2; 

along the 3B-3B' line in Fig. 2; 
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Pig. 4 is an enlarged plan view of a crossing portion between tl,e gate link 
and the seal in Fig, i; 

F^. 5A is a vertical section view of the liquid ctystal display panel taken 
along the 5A-5A' line in Fig. 4; 

Fig. 5B is a vertical section view of the liquid ctystal display panel taken 
along the 5B-5B' Une in Fig. 4; 

Fig. 6 is a plan view showing a structure of a portion a, which data links 
cross a sea, part in a high aperture ratio liquid costal display device employing 
an organic p^tecUve flto according to an embodiment of the present invention; 
« F,g. 7 is a section view of the liquid crystal display pane, taken along the 

I line in Fig. 6 in which the ot^anic protective film and the gate insulating 

5 film are etched to expose the lower glass substrate upon fonnation of the holes 

rU Fig. 8 is a plan view showing a structure of a portion at which ,.te links™ 

« cross a seal part in a high apertu. ratio liquid cysta, display device employing 
- an organic protective film according to the embodiment of the present 

invention; 



Fig. 9 is a section view of the liquid ctystal display panel taken along the 
9B.9B line in Fig. 8 in which the organic protective film and the gate insulating 
- mm are etched to expose the lower glass substrate upon formation of the holes 
Of Fig. 8; 
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upon formation of the holes of Fig. 6; 

Fig. ins a section view of the ,i,uid crystal display pane, taken aiong 

upon formation of the holes of Fig. 8; 

Pig. '^-P—apianestructureortheentiresubstratep^ovidedwith 

^^-'^^-P-structureortheedgeandthepadofthelower 
"'^'^ *^ "^"'^ ^-^^'^ <''^P'^ panel provided with the EPD window. 
« ^g. .4A to HC a. Views ^or comparing a sectional structure of the 

« BH> Window a.a with an actuai pattern area hetween the data and gate iin.s 
u to be provided with the holes; 

L - ~ "'agran. of an e.ectricai signai proportional to . 

^1 *"^«yof^5i=, gas detected during etching; and 
S «g. 16A to Pig. :ec are views ,.r co^par^g a sectional structure of the 

BPD Window area after completion of the etching wor. with the actual pattern 
area between the data and gate links. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

-s a seal part in a high aperture .tio liquid costal display device employing 
an canic protective ni. according to an embodiment of the present invention 
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So^e eleven. a„a featu.. or .he a,uM c^.., ^ 
those Of .he co„ve„.iona, s.™c.u.. Po. exa.p>, the .a.a «„.s S2 a.e fonned 

,a.e. e«e„as .He .a. „„e .„ .e aa.a pa. SO. The sea, 54 
.s fo^e. on .he o,a„, p„e r.^ . . ^^^^ ^^^^ 

data pads 50 are connerteH tr. o . 

connected to a transparent electrode 60 on the 

organic protective film via contact holes 58 defined in the n • 
^^j^ aenned in the organic protective 

I -e. .0 .™ .he ho,es Sa. The «a.e ...... n,™ .a. he co™p,e.e. e.chea 

; ^"''^'^ - - — .he se. S. 

crystal panel are bonded. 

^ ^"7"' ^ "^••^^ e.s.a. aMa. pane, .a.en .ong;hr 

A-r. ,.„e .n P,, a ,n which .he o,an,c p„e an. .he ,a.e ,„su,a«n, 
2" e.chea .0 e.po. .he ,owe. .a. .....e upon .™,a.,on or .he ho,es 

.nsu,a.,ng .4. a sen^conduCor layer 76, c,a.a ,in.s 52 and an • 

an organic 

P~e .3. The ..,a.., 

."..3 52 a.e 3e,uen.,., deposited on .he .ass suhs..a.e .0, and .hen 
the organic protective fl,m 78 is coated thereon. 
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A.SO a. Shown, .he organic „ve fl,™ and .he ga.e i„su,a.tag fl,n, 

h. a. e.c.„, .he o,a„. p™.ec.e Hhn .S an. .he .a.e ..,a«n. 

mm 74 to expose the glass substrafp 79 ... 

substrate 72. The etching is controlled using an 

etch point detection (EPD) window provided at fh. . 

provided at the outer area of the panel 

(explained later). 

a common .ransparent eleCrode 86 formed entirely thereon 
^a, 5, _ . .e. 5. con.c.s .he lower ,ass suhs...e .a 

-n.ng hetween upper p,a.e 80 .o .he lower pla.e ro . 

' ' v'e wshowlngas.ruc.ureofapor.lona.whlc h g a.e lln.s 

-cross-a-seal-part-in-^a-mgh aper.ure ratio liquid cmtal di,ni» h ■ 

Hum crystal display device emplovine 

an organic protective film according to ,h, k 

cording to the embodiment of the present 

mvention. As shown, holes 94 are formed on the seal 54 in h« 

52 between gate links 

Other elements and features of the liquid 



20 



those of the conventional structure, 
with gate pads 90 and gate lines. The 
the gate links 92 on the 



crystal panel are similar to 
For example, the gate links 92 are formed 



seal 54 is formed in a direction 



organic protective film of the lower plate. The 



crossing 
gate pad 
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90 is connected to a transparent electrode Q« nt. ^ 

pcucni eiectroae 98 on the organic protective film via 

a contact hole 96. 

Again, the organic protective fllm and the gate insulating flta are etched 
to fom. the holes 94. The gate insulating film may be completely etched to 
3 expose the lower glass substrate so as to enable contact between the seal 54 
and the lower glass substrate when the upper and lower plates of the liquid 
crystal panel are bonded. 

Fig. 9 is a section view of the liquid crystal display panel taken along the 
9B-9B. line in Fig. 8 in which the organic protective film and the gate insulating 
film a., etched to expose the lower glass substrate upon formation of the holes 
94 of Fig. 8, The upper plate 80 is much like the structure as shown in Figs 7 
The lower plate 70 is slightly different in that instead of having semiconductor 
layer and data link disposed between the organic protective film 78 and the 
^gate insulatin g layer 74, gate links 92 are disposed between the gate insulating 
layer74 and the glass substrate 72 (compare Figs. 7 and 9). 

Also, Similar to the data link part as shown in Fig. 7, the otganic 
p™.ective film 78 and the gate insulating film 74 between the gate links 92 are 

protective film 78 and the gate insulating film 74 to expose the glass subst^te 

72. This etching is controlled using the EPD technique. 

As discussed above regarding Fig. 7, the lower plate 70 and the upper 
Plate 80 are bonded together by the seal 54. As seen in Fig. 9. the seal 54 
contacts the lower glass substrate 72 via the hole 94. Since the seal 54 
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strongly adheres to the glass substrate 72 the bonriin. h , 

'''^ "ondmg between upper plate 80 
to the lower plate 70 is dramatically improved. 

54. This prevents air bubbles from being generated inside the holes 

above embodiment, the organic protective film 78.^H-flr=-— ' 

"!^J=2^-»»*1he gate insulating film 

-^j:222i^.«lS;r^ate dunng the 

P-ss, a portion of the lower glass substrate 72 maybe etched 



< ^^well 



This over-etching causes undercuts 88 to be formed as shown in Pigs 7 
« and undercuts 88 are physical^ wea. points and thus a. susceptible 

w cracks from physical stresses. 

f -eretb., it i. desirable to m.ntai„ the incased bonding 

i ^e move problems associated with the undercuts. TO this 

|-end.when«^™,, ^ ^^^^ ^^^^^^^ 

a —----"-.chingandthustheglasssubstrateisnote.osed. ,n 
-erestothega.einsulatingfilm,the.ndingcharacter.sticsarem.ntained 



14 




ey Docket: 2658-249 

«SS. 10 ana n, the e„..e organ. p„e fl,™ rs a„a a ponion of the gate 

substt«teasMP«s..and8. Other structut. an. features in .g. >0 ana U 
are similar to those in Figs. 7 ana 8, respectively. 
= The etching „ori. is performed hy a .ry etching technique using an EPD 

-atisetchea. -e se. S4 contacts the gate insulating .n, .4. Since the seal 
IB 'mprovea over the conventional art ar 

V ™« 'he lower glass substrate 72 is 

S ™' -'ated to the undercuts are avoidea 

'I ;--''-™'-eedea to p.cise, control the amount Of gate insulating 
L " " - - ana ... ,„ . „ a. etching 

I process, .ac tive gases a. generatea iVom a chemical .action between t he 
^ etch^t ana-^e o^ic p.tect.e „lm 78 as well as between the etch^t ana 
O -.ate insulating rum 74. This gas gene^tion can be monitorea to control 
the etching process. ,n this emboaiment, EPO winaow technique is usea to 

monitor the gas generation and thus control th. 

' ^^''^'^^ ^ount of the insulating layer 

that is etched. 
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of a picture display part 102, a TFT of a liquid crystal cell, pads 50 and 90, ar,d 
links 52 and 92 are provided on the lower plate 70. 

Areas for the EPD windows 104 are positioned near the outer edge of the 
substrate 100. The purpose of the EPD windows is to allow for easy detection 
s of gas generated during the etching process. To define the holes 56 and 94 
between the links 52 and 92, respectively, the large substrate 100 is covered 
with the organic protective film 78 and a photoresist mask pattern is formed 
thereon. The large substrate 100 is then laid within an etching chamber. 

As noted above, EPD window 104 is used to conttx,! the amount of 
I etching. Although the EPD window 104 is etched at the same time when the 
I holes 56 and 94 are etched, EPD window 104 is not any part of the ci,.uit,y of 
;=y the LCD itself 

^'^•g^^'^^g^Pg^Me.^aQaJs made n.,.h 

pattern area of the lower plate 70 so that re^tion gas,gene«t^„, etchi^ 




-is increase to make the <letection^js^,^^^e EPD window 104 is not 
limited to the area ^.^^^.^TT^,, 12, ^ can be formed on a non-display 
partnOpMfiTlower plate 70 or between the pads 50 and 90 at a pad part 



Figs. 14A to 14C are views for comparing a sectional structure of the 
20 EPD window area with an actual pattern area between the data and gate links 
to be provided with the holes. More specifically, Fig. 14A is a sectional view of 
the EPD window 104 while Fig. 14B and Pig. 14C are sectional views of actual 
pattern windows 1 16 in which the holes 56 and 94 are formed, respectively. 
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Referring ,o Figs. 14A to 14C, the gate insulating film 74 and the organic 
protecUve film 78 have the same thickness for each area. However, as shown 
m Kg. 14A, a dummy pattern 118 of a thickness t is formed below the area of 
the EPD Window 14 on the glass substrate 72. and the gate insulating 74 is 
^ formed thereon. The thickness t represents a desired thickness of the gate 

1 18 is made from the same material as the gate electrode and the gate link 92. 

The organic protective film 78 is evenly formed to a uniform thickness as 
Shown in Figs. 14A to 14C by a spin coating technique. Thereafter, a 
photoresist patter. 120 is formed on the organic protective film 78 to provide 
the EPD Window 104 and the actual pattern windows 1 16 at the data and gate 
link parts. 

The lower glass plate 72. with the photoresist pattern 120. is then put in 
an etching chamber and SFe gas is injected into the etching chamber. As seen, 
th-e photoresist pattern 120 is such that the organic protection film 78 is 
exposed to the etchant gas in the EPD window area 104 and the actual pattern 
areas 1 16 where the holes 56 and 94 are to be formed. 

When the etching takes place, the etchant gas reacts with Si within the 
organic protective film 78 to gene.te non-vo,atile SiF, gas. After the organic 
protective fiUn 78 is etched, the gate insulating film 74 becomes exposed. The 
etchant then reacts with Si within the gate insulating film 74 to generate the 
same non-volatile SiF4 gas. 
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However, when .he gate i„su,a«„g r,^ ,3 etched to expose the 
u™. patte™ he,ow the BPO w.aow ,0., S., . „o .„,er „ed an. 
- en., or the ,as . a«a., .auced. .t th. point, the .es.ea 

5 reached. 

Thus, hy .onitoHng .he SiP. ,as, e.ohing of .he gate insula«„, 
can ^ precise, controHe. n, . . a wave.™ or an electrical 

Signal proportional to a densitv nf cj;r> 

density of S1F4 gas detected during etching. Using a 

gas detector, the graph as depicted in Fig 15 can h. 
1 . y I Mg. 15 can be generated. As shown 

J ~ - the Si. gas measure. . 

( U..^eaun,n. pattern heco.es expose, a„a the etching ope.tion 

can be terminated. 

Pi. leAtoPi, -Careviewsrorcon^p^ingasectiona, structure or the 
wnaow area arter co.pietion or the etching wori. with the actuai patter. 
-area.Hhe«^S^^^^ 

msulating fiin, 74 to expose the dummy pattem 1 ,8. 

- at the actual pattern window ua where the holes Sa and ,4 are rotted, 

- epthortheholessa,., .B) and . .i, lac, aree^ual orthe depth or 

- hole ror^ed helow the KP. ,4 ,Pi, .s a result, the 

equal to the thickness or the dummy pattern 1 18. 
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Because the gate insulating H>. is not co« etched when the holes 

7 ~- When the W an. uppe. 

P.- a.e honaea. strength o. the honing i. maintained an. the st.ctu.. 
weakness is prevented. 

^ AS aeschea ahove, in the e.hodi^ents o. the prevent invention, hoies 

substrate or the gate insulating fita, which p^vides a dramatic • 

piuviues a dramatic improvement 
.n bonding characteristics over the conventional art. 

S '-"'«'ns fl- is not completely etched when ibnning the holes This 
' s Lxie noies. This prevents 

% problems related with undercuts. 

I '"-"^*^P-ent invention has been e^lalnedb, the embodiments 

r -wn m the d..ngs desCbed above, it should be understood to the 

I ^" - - - - invention is no. limited to the 

i|-^U^nts,.bu^ther-that-v «3„,3 or modiHcations the.o. a. 
^ -- Without departing .om the spirit onhe invention .cord... the 
cope the mvention shaH be determined oni, h. the appended claims and 
their equivalents. 
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